The progression of pancreatic cancer is dependent on local tumor growth, angiogenesis, and metastasis. EFEMP1, a recently discovered member of the fibulin family, was characterized with regard to these key elements of pancreatic cancer progression. Differential gene expression was assessed by mRNA microarray hybridization in FG human pancreatic adenocarcinoma cells and L3.6pl cells, a highly metastatic variant of FG. In vivo orthotopic tumor growth of EFEMP1-transfected FG cells was examined in nude mice. To assess the angiogenic properties of EFEMP1, vascular endothelial growth factor (VEGF) production of tumor cells, endothelial cell proliferation and migration, and tumor microvessel density were analyzed in response to EFEMP1. Further, tumor cell apoptosis, cell cycle progression, and resistance to cytotoxic agents were quantitated by propidium iodide staining and flow cytometry. In microarray hybridization, EFEMP1 was shown to be significantly up-regulated in L3.6pl cells compared with FG cells. Concordantly, EFEMP1 transfection of FG cells stimulated orthotopic and metastatic tumor growth in vivo. EFEMP1 expression resulted in a stimulation of VEGF production by tumor cells and an increased number of CD31-positive microvessels. Endothelial cell proliferation and migration were not altered by EFEMP1, indicating an indirect angiogenic effect. Further, EFEMP1 expression decreased apoptosis and promoted cell cycle progression in response to serum starvation or exposure to gemcitabine, 5-fluorouracil, and irinotecan. EFEMP1 has protumorigenic effects on pancreatic cancer in vivo and in vitro mediated by VEGF-driven angiogenesis and antiapoptotic mechanisms. Hence, EFEMP1 is a promising candidate for assessing prognosis and individualizing therapy in a clinical tumor setting. (Mol Cancer Res 2009;7(2):189-98) 
Introduction
Pancreatic cancer is one of the leading causes of cancerrelated deaths in western countries. Despite improved multimodal therapeutic regimens, its prognosis has improved only marginally, resulting in a total 5-year survival rate, which is still as low as 5% (1) . More recently, agents targeted against molecular determinants of cancer cells or tumor vessels, or both, have been tested successfully in clinical trials to expand the therapeutic spectrum (2) (3) (4) . However, to take full advantage of targeted therapies, it is essential to achieve a more profound knowledge of the molecular determinants of tumor development and progression.
The biological aggressiveness of pancreatic cancer is defined by its local invasion, tumor angiogenesis, and its potential to metastasize. To address these key events by targeted therapy, recent efforts have focused on the identification of molecular indicators of disease progression. The role of angiogenesis in pancreatic cancer progression has been studied extensively in the last years. However, data on specific molecular changes of tumor cells that eventually lead to a more metastatic and angiogenic phenotype depend strongly on the experimental systems used.
EFEMP1 (epidermal growth factor -containing fibulin-like extracellular matrix protein 1, fibulin-3) is a member of the fibulin family of extracellular glycoproteins, which are characterized by a tandem array of epidermal growth factorlike repeats and the fibulin-type COOH-terminal module. Fibulins are widely distributed and often associated with vasculature and elastic tissues (5) . In cancer, diverse functions of the members of the fibulin family have been reported (6) . Whereas fibulin-1 was shown to mediate chemoresistance in breast cancer and furthermore seems to play a role in tumor immunosurveillance (7, 8) , loss of fibulin-2 results in breast cancer progression (9) . Other reports imply a role of the fibulins in colon cancer tumorigenesis and breast cancer epithelialmesenchymal transition (10, 11) .
Recently, EFEMP1 has been associated with inherited forms of macular degeneration (12, 13) . Specifically in these conditions, a single mutation in the EFEMP1 gene (Arg-345 to Trp) results in an aberrant accumulation of EFEMP1 protein in the endoplasmic reticulum of retinal pigment epithelial cells (12) . In mutated EFEMP1, an up-regulation of vascular endothelial growth factor (VEGF) expression is created by a protein misfolding that activates the unfolded protein response signaling pathway (14, 15) . Loss of EFEMP1, however, does not result in macular degeneration but in the appearance of hernias as a consequence of a reduction of elastic fibers of fascial connective tissue (16) . Interestingly, when originally isolated in senescent fibroblasts, EFEMP1 was observed to be decreased by mitogenic culture conditions; however, when microinjected into fibroblasts, DNA synthesis was stimulated consistently in an autocrine and paracrine manner (17) .
As fibulin effects on cell proliferation, motility, invasion, and angiogenesis may be context sensitive (18, 19) , we were interested to see whether EFEMP1 had has an influence on pancreatic adenocarcinoma progression. In this study, we hypothesize that EFEMP1 expression is up-regulated in pancreatic adenocarcinoma as a part of a network of genes that promote tumor growth and angiogenesis. For this purpose, we assessed differentially expressed genes in FG, a human pancreatic adenocarcinoma cell line that in vivo forms tumors that typically display a modest growth and do not metastasize, as well as L3.6pl, a variant of FG that has been characterized by aggressive tumor growth, formation of liver metastases, and extensive tumor angiogenesis (20) . Further, we show that EFEMP1 overexpression in FG cells results in enhanced tumor growth by inhibition of tumor cell apoptosis and stimulation of angiogenesis.
Results

EFEMP1 Expression Is Up-Regulated in L3.6pl Cells
The transcriptomes of nonmetastatic FG cells and metastatic L3.6pl cells under cell culture conditions were assessed by mRNA microarray hybridization. All arrays (three biological replicates per cell line) showed comparable overall expression levels and were adequate for statistical analysis (data not shown). Of a total of 54,675 probe sets, 21,172 (38%) showed a present call in at least one treatment group and were used to determine differentially expressed genes. We identified 36 genes that were up-regulated in L3.6pl cells, compared with FG, with a fold change of >1.5 (Table 1) . Among these, EFEMP1 showed a 6.45-fold up-regulation. This result was confirmed by quantitative real-time reverse transcription-PCR (RT-PCR), showing an 8.53-fold up-regulation of EFEMP1 in L3.6pl cells compared with FG cells. Further, the IFN (a, h, and N) receptor 1 (IFNAR1), STAT1, IjB-f, and IFIT3 were shown to be up-regulated in L3.6pl cells, suggesting a link to inflammation signaling pathways.
Differential Expression of EFEMP1 in FG and L3.6pl Cells In vivo and In vitro
To assess the differential expression of EFEMP1 in FG and L3.6pl cells in an in vivo tumor system, tumors arising from both cell lines were grown orthotopically in nude mice. On necropsy of the animals 28 days after tumor cell inoculation, tumors were harvested and stained for EFEMP1. In accordance with the microarray data, EFEMP1 expression was more pronounced in L3.6pl tumors than in FG tumors (Fig. 1A-D) . On a cellular level, EFEMP1 was distributed homogeneously within the cytoplasm (Fig. 1D) . Little is known about the regulation of EFEMP1 expression in cancer. Because the microarray analyses had revealed an up-regulation of several mediators of inflammation pathways in L3.6pl cells and inflammatory cells have been reported to be involved in the development and progression of pancreatic cancer (21, 22) , we became interested in whether there was a link between IFN-a as a potent inflammatory stimulus and EFEMP1 expression in tumor cells. Interestingly, IFN-a provoked a >4-fold increase of EFEMP1 expression, as shown by quantitative RT-PCR (Fig. 2) . Blockage of nuclear factor-nB (NF-nB) with BAY11-7082 potently inhibited both native and IFN-a -stimulated EFEMP1 expression, indicating that IFN-a has a crucial function in the transcriptional regulation of EFEMP1.
EFEMP1 Overexpression Results in Enhanced Orthotopic Tumor Growth
To dissect the effects of EFEMP1 expression on orthotopic tumor growth more specifically, we transfected the EFEMP1 gene into FG cells (Fig. 3A) . When tumor growth was analyzed in vivo, FG-EFEMP1 cells consistently showed a faster orthotopic tumor growth compared with FG cells; however, FG-EFEMP1 tumors grew less aggressively than L3.6pl tumors ( Fig. 3B and C) . Incidence of hepatic and lymph node metastases was similar in FG-EFEMP1 and L3.6pl tumors (Fig. 3D) . On histologic examination, H&E-stained sections of L3.6pl tumors showed extensive central necroses and strands of stromal tissue throughout the tumor. In contrast, in FG tumors, central necroses were apparent, but fibrotic areas were much less pronounced. Interestingly, FG-EFEMP1 tumors lacked fibrotic areas, and necroses were detectable, but to a lesser extent than in FG or L3.6pl tumors (Fig. 3E-G) . Because L3.6pl is highly angiogenic in comparison with FG (20), we were interested in whether EFEMP1 overexpression had a stimulating effect on tumor angiogenesis.
EFEMP1 Expression Indirectly Stimulates Tumor Angiogenesis by VEGF Production
To elucidate potential proangiogenic effects of EFEMP1 expression, we first analyzed the VEGF production of tumor cells. In accordance with an increase of in vivo angiogenesis in FG-EFEMP1 tumors, EFEMP1-transfected FG cells showed a marked increase in VEGF secretion compared with vector controls (Fig. 4A) . In contrast, EFEMP1-transfected L3.6pl cells did not show an increase of VEGF production compared with vector controls, indicating that in L3.6pl cells VEGF production is already maximally stimulated by mechanisms independent of EFEMP1; thus, no additional effect can be achieved. Interestingly, when assessing endothelial cell proliferation and migration, no direct stimulating effect of EFEMP1 protein was detectable ( Fig. 4B and C) . In the tumor specimens, the number of CD31-positive vessels was significantly higher in tumors originating from FG-EFEMP1 cells than from FG cells, indicating a biological proangiogenic effect of EFEMP1 expression (Fig. 4D-G) .
EFEMP1 Expression Rescues Tumor Cells from Apoptosis and Promotes Cell Cycle Progression
The relative reduction of intratumoral necroses in the xenografts formed by EFEMP1-transfected cells then led to the question whether EFEMP1 expression was associated with alterations of cell death mechanisms. Under serum starvation conditions, 83.4% of FG cells underwent apoptosis. Unsurprisingly, the biologically more aggressive L3.6pl cells showed a marked reduction of the proportion of apoptotic cells (52.3%). In FG-EFEMP1 cells, there was an even more pronounced reduction of apoptotic cells (48.0%; Fig. 5A and B). Concordant with these data, fluorescence-activated cell sorting (FACS) cell cycle analyses showed a shift from G 0 -G 1 phase toward S phase and mitosis in FG-EFEMP1 cells compared with FG and L3.6pl cells, respectively (Fig. 5C ). In vivo, fluorescent terminal deoxynucleotidyl transferase -mediated dUTP nick end labeling (TUNEL) staining of xenografts grown from FG, FG-EFEMP1, and L3.6pl cells showed a reduction of apoptotic cells in FG-EFEMP1 and L3.6pl tumors (Fig. 5D ). Taken together, the findings provide evidence of either the inactivation of apoptotic signals or the stimulation of mitogenic pathways by EFEMP1.
EFEMP1 Expression Rescues Tumor Cells from Apoptosis
Induced by 5-Fluorouracil, Gemcitabine, and Irinotecan
As gemcitabine, 5-fluorouracil, and irinotecan are in clinical use as cytotoxic agents in pancreatic cancer, we tested the influence of EFEMP1 expression on apoptosis in tumor cells treated with these agents in vitro. Specifically, apoptotic cells were quantified by FACS after treatment with the cytotoxic substances. After treatment with 5-fluorouracil and irinotecan, respectively, a lower proportion of FG-EFEMP1 cells became apoptotic compared with FG cells (Table 2) . A similar effect on apoptosis, although less pronounced, was observed in gemcitabine-treated cells.
EFEMP1 Expression Is Up-Regulated in Human Pancreatic Adenocarcinoma
To validate our in vitro and in vivo data in clinical human tumor specimens, EFEMP1 expression in pancreatic ductal adenocarcinoma specimens was compared with surrounding normal tissue. In 13 of 15 tumor samples (86.7%), an mRNA overexpression of EFEMP1 was seen (Fig. 6 ). In 12 of these, the relative up-regulation of EFEMP1 expression was >2-fold compared with corresponding nontumorous tissue. PCR followed by gel electrophoresis confirmed the quantitative results (data not shown).
Discussion
In the microarray analysis of differentially expressed genes, we showed a significant up-regulation of EFEMP1 expression in the highly metastatic L3.6pl cell line, compared with FG, for the first time. This finding was consistently substantiated in vivo and in vitro by EFEMP1 transfection of FG cells. Data generated by proteomic analyses further confirmed these results (data not shown). The influence of the tumor microenvironment on the capability of tumor cells to promote metastasis and angiogenesis is well characterized (23) , resulting in different gene sets expressed when analyzing tumor cells in culture, and in vivo ectopic and orthotopic growth. However, a recent report on differential gene expression in FG and L3.6pl cells under in vitro and orthotopic in vivo conditions failed to detect EFEMP1 as differentially expressed in a cumulative statistical analysis, suggesting that even minute alterations of in vitro culture conditions may have a significant effect on the regulation of EFEMP1 expression (24) . Further, when assessing the functional properties of the EFEMP1 protein, the presence of alternative splicing variants can result in different biological functions (17) . Posttranslational modification by O-glycosylation has been shown to add to the diversity of EFEMP1 depending on the set of glycosyltransferases expressed by the individual cell type (5). More strikingly, transcriptional regulation reflects the microenvironmental influences on EFEMP1 expression. We showed that IFN-a, a potent stimulus of inflammatory response, resulted in a significant upregulation of EFEMP1 expression in vitro that is dependent on NF-nB activity. In fact, there is convincing evidence that cancer and inflammation share common signaling pathways. More specifically, pancreatic adenocarcinoma and chronic pancreatitis express a substantial proportion of proteins in common (22, 25, 26) , placing patients that suffer from chronic pancreatitis at risk to develop pancreatic cancer (27) . Indeed, mononuclear cells as mediators of nonspecific immune responses are recruited to pancreatic cancer and result in an angiogenic phenotype of cancer cells (21) . Apart from inflammation signaling, EFEMP1 expression is dependent on regulation by female sex steroids. As the EFEMP1 gene contains an estrogen-responsive element negatively regulating its transcription, treatment with 17h-estradiol results in down-regulation of EFEMP1 protein expression (28) . In this context, downregulation of EFEMP1 in breast cancer metastasis may reflect a microenvironmental regulation in specific cancer types (29) .
Stable transfection of FG cells with EFEMP1 results in a significant enhancement of orthotopic and metastatic pancreatic tumor growth, contributing to the biological validation of the differential expression analysis in an in vivo system. In this system, increased angiogenesis was observed and VEGF production was significantly stimulated by EFEMP1 expression, whereas EFEMP1 did not have a direct effect on endothelial cell proliferation and motility. Importantly, we were able to show the effect of EFEMP1 overexpression in an epithelial neoplasm in vivo for the first time. In contrast to our results, EFEMP1 overexpression in fibrosarcoma recently was shown to be associated with an inhibition of tumor growth in a s.c. model by Albig and coworkers (18) . Additionally, in the same study, EFEMP1 was shown to exert antiangiogenic effects in brain microvascular cells in vitro and in an in vivo Matrigel plug assay. These at least partially conflicting findings can be explained considering the microenvironment of the different experimental settings. Our data support an indirect angiogenic effect of EFEMP1 mediated by an increase of VEGF expression and secretion. Because the more artificial Matrigel plug angiogenesis system used by Albig et al. lacks VEGFproducing tumor cells, indirect angiogenic mechanisms may not be effective compared with an orthotopic tumor model. Microenvironmental differences between the distinct tumor entities (epithelial versus mesenchymal) and the localization of tumor growth (orthotopic versus s.c.) also may be of importance in the interpretation of these discordant findings. Furthermore, the brain microvascular cells used by this group may not be representative for endothelial cells in other localizations because brain tissue typically does not express EFEMP1 (5). Tumor angiogenesis itself is the net result of the balance between proangiogenic and antiangiogenic stimuli that greatly differ depending on tumor localization, hypoxia, and microenvironmental factors. In this context, tissue inhibitor of metalloproteinase-3, an inhibitor of matrix metalloproteinases, blocks interactions of VEGF with the VEGF-receptor 2, resulting in an inhibition of angiogenesis (30) . EFEMP1 has been shown to act as a binding partner of tissue inhibitor of metalloproteinase-3 (31); yet, the functional nature of this interaction is unknown. Interestingly, the Arg345Trp mutation in the EFEMP1 gene leads to an accumulation of misfolded EFEMP1 protein in the endoplasmic reticulum, resulting in an activation of the unfolded protein response and, consequently, an up-regulation of VEGF expression (15) . It may be speculated that the overexpression of nonmutated EFEMP1, the existence of different splice variants, or posttranslational alterations similarly can activate the unfolded protein response, especially in combination with intratumoral hypoxia. Furthermore, temporal differences in EFEMP1 expression in key events of angiogenesis are known (32) even if the chronological sequence yet has to be characterized more profoundly.
The balance between cell growth, survival mechanisms, and apoptosis is essential for the progression of cancer. We showed that EFEMP1 overexpression in pancreatic adenocarcinoma is associated with a profound inhibition of apoptosis, relating EFEMP1 to cell survival mechanisms. EFEMP1 was isolated originally in senescent and quiescent fibroblasts, indicating a proapoptotic role. Interestingly, when microinjecting EFEMP1 mRNA into young fibroblasts, a consistent stimulation of DNA synthesis was seen (17) . This observation is consistent with our findings that EFEMP1 overexpression results in cell cycle progression rather than apoptosis.
Expanding these results by the application of cytotoxic substances commonly used in the clinical treatment of pancreatic cancer, we characterized a mechanism of EFEMP1-mediated interference with the apoptotic response toward gemcitabine, 5-fluorouracil, and irinotecan in pancreatic cancer. With all substances evaluated, we found a potent inhibition of apoptosis by EFEMP1 expression. Induction of cell cycle arrest and apoptosis are key events in cytotoxic chemotherapy with agents interfering with DNA synthesis. Because pharmacogenomic considerations become increasingly important in clinical oncology (33) , EFEMP1 may be a candidate for pretherapeutic evaluation in medical therapy of pancreatic cancer.
Finally, our data indicate that in human pancreatic adenocarcinoma, EFEMP1 is up-regulated in tumor areas compared with corresponding normal pancreatic tissue. Taken together with the observation that EFEMP1 overexpression stimulates VEGF production in vivo, our findings are concordant with reports of the up-regulation of VEGF in pancreatic cancer (34) (35) (36) . In contrast to our data that support a role of EFEMP1 in tumor progression in pancreatic adenocarcinoma, EFEMP1 expression was found down-regulated in lung cancer (37) and up-regulated in only 10% of different solid cancer entities (18) . These discordant data may be caused by differences in the tumor entities examined; however, all published data on EFEMP1 expression in human tumor samples are limited by small sample size, thus bear a rather preliminary character. Future work should correlate EFEMP1 expression with clinicopathologic tumor characteristics and clinical followup data in larger series.
In conclusion, we were able to show that EFEMP1 is up-regulated in biologically aggressive pancreatic adenocarcinoma and results in enhancement of in vivo orthotopic and metastatic tumor growth. EFEMP1-mediated VEGF expression contributes to the angiogenic phenotype of aggressive pancreatic cancer. Further, antiapoptotic properties of EFEMP1 mediate its protumorigenic effect and a decreased response of pancreatic cancer cells toward cytotoxic agents. The clinical validation of these data with respect to prognostic end points, as well as the role of the regulation of EFEMP1 by inflammation pathways, represents promising targets for further investigation.
Materials and Methods
Pancreatic Cancer Cell Lines
The pancreatic cancer cell line FG is a variant of Colo357, a human pancreatic adenocarcinoma cell line originally derived from a celiac lymph node metastasis. L3.6pl is a highly metastatic and angiogenic variant of FG selected by repeated injection of metastatic cells into the spleen and pancreas of mice (20) . Both cell lines were maintained in DMEM under culture conditions and with supplements as described previously (20) .
RNA Sample Preparation, Microarray Hybridization, and Statistical Analysis
After harvesting FG and L3.6pl cells, total RNA was isolated with Trizol Reagent (Invitrogen) according to the manufacturer's protocol. Total RNA quantity and quality were determined by spectrometry using the NanoDrop ND-1000 spectrophotometer (NanoDrop Products) and agarose gel electrophoresis. Of each total RNA sample, 10 Ag was reversely transcribed to double-stranded cDNA using the Affymetrix One-Cycle cDNA Synthesis kit (Affymetrix). All steps were essentially done as described by the manufacturer. The cDNA was purified and transcribed into biotin-labeled cRNA using the GeneChip IVT Labeling kit (Affymetrix).
The biotinylated cRNA was purified, fragmented, and hybridized to the HG U133 Plus 2.0 GeneChip (Affymetrix) at 45jC for 16 h. The chips were washed, stained with Rphycoerythrin coupled to streptavidin (Invitrogen), and finally scanned with a GeneChip Scanner 3000 (Affymetrix). Raw data were normalized with the R program package GCRMA 5 using default settings. For further analysis, only probe sets with a present call in at least one treatment group were used, as determined by the Data Mining Tool (Affymetrix). Differentially expressed genes were identified with significance analysis of microarrays (38) . Probe sets with a fold change of >1.5 were considered as differentially expressed. 
Cloning and Expression of the EFEMP1 Gene
The coding sequence of EFEMP1 cDNA (OriGene Technologies) was amplified by PCR using proofreading Pfx50 DNA polymerase (Invitrogen) and inserted into the expression vector pcDNA 3.2 GW/V5 (Invitrogen). Using the primers CACAATGTTGAAAGCCCTTTTCCTAACTATGCTGACTC (EFEMP1TOPOforw) and AAATGAAAATGGCCCCACTAT-TATTGTC (EFEMP1TOPOrev), the EFEMP1 gene was cloned with and without a V5 Tag attached to the COOH terminus. Before the TOPO reaction, the PCR product was verified by restriction analysis. Absence of PCR-based mutations was confirmed by sequencing. Both pancreatic cell lines (FG and L3.6pl) were stably transfected with EFEMP1 DNA and the empty vector, respectively, using Metafectene transfection (Biontex). Pooled stable transfectants were selected by geneticin. Expression of EFEMP1 was verified by Western blotting.
Quantitative RT-PCR
To assess transcriptional regulation of EFEMP1, quantitative real-time PCR was applied to RNA extracted from cell cultures after treatment with human recombinant IFN-a and the NF-nB inhibitor BAY11-7082 (both Sigma-Aldrich). Total RNA was isolated using the RNeasy kit (Qiagen), RNA integrity was verified by agarose-formaldehyde electrophoresis detection of 18s and 28s rRNA, and isolated RNA was quantified by spectrophotometry using the GeneQuant Pro RNA/DNA calculator (Pharmacia). Quantitative RT-PCR for EFEMP1 was conducted using the SuperScript III Platinum SYBR Green One-Step qRT-PCR kit (Invitrogen) with the EFEMP1-specific primers GAGGGGAGCAGTGCGTAGACA and TCGGCACATGGCATTTGAGAC according to the manufacturer's instructions on a LightCycler system (Roche Diagnostics). PCR efficiency was assessed using the plasmid standards and quantified relative to the housekeeping gene transcript glyceraldehyde-3-phosphate dehydrogenase.
Western Blotting
For the EFEMP1 Western blotting analysis, extracts were prepared from cultivated FG-EFEMP1 cells. Equal amounts of protein extract were separated on polyacrylamide SDS gels, transferred onto a polyvinylidene difluoride membrane, and probed with a polyclonal rabbit anti-EFEMP1 antibody (AB14926, Biozol). Then, the bound primary antibody was detected with a horseradish peroxidase -conjugated secondary goat anti-rabbit antibody (Dako) using the enhanced chemiluminescence Western blotting system (Amersham).
VEGF ELISA
To assay VEGF concentrations in the supernatants of the native and EFEMP1-transfected cell lines, the Quantikine human VEGF ELISA kit (R&D Systems) was used according to the manufacturer's protocol. Absorbance was measured on an ELISA reader (Tecan), and VEGF content was calculated according to the calibration curve. Calibration curves with a correlation coefficient of at least 0.998 were used.
Human Umbilical Vein Endothelial Cells and In vitro Cell Proliferation and Migration Assays
Human umbilical vein endothelial cell (HUVEC) cultures were purchased from PromoCell and maintained in Falcon ''surface-modified'' polystyrene flasks with growth factorsupplemented (''Supplement Pack,'' PromoCell) endothelial cell basal medium (PromoCell) containing 2% fetal bovine serum, as detailed by the manufacturer.
HUVEC proliferation was measured using the colorimetric 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay (Roche Diagnostics) according to the manufacturer's protocol. Briefly, 10 4 cells were plated into 96-well plates and cultivated for 72 h in medium containing human recombinant VEGF-A (R&D Systems) or human recombinant EFEMP1 (Biozol) at the concentrations indicated. MTT reagent was added, and absorbance was measured at 570 nm. Each experiment was done thrice.
Migration of HUVECs was assessed using a modified Boyden chamber assay. HUVECs (6 Â 10 4 per well) were seeded into the upper well of a chamber system (Becton Dickinson Falcon cell culture insert; BD Biosciences) on a fibronectin-coated (Sigma-Aldrich) polyethylene terephthalate membrane with 8-Am pores. VEGF-A or human recombinant EFEMP1 was added as a chemoattractant into the lower well at the concentrations indicated. Migration through the membrane was determined after 5 h of incubation at 37jC by fixing, staining, and counting the migrated cells. Each culture condition was done in triplicate.
FACS Analysis for Apoptosis and Cell Cycle
For apoptosis and cell cycle analyses, tumor cells were cultivated in six-well plates with or without treatment with 5-fluorouracil (Gry Pharma), gemcitabine (Lilly), and irinotecan (Pfizer Pharma), respectively. After washing and scraping into Nicoletti buffer, stained DNA content was analyzed by flow cytometry (FACSCalibur, BD Biosciences). Portions of apoptotic (subdiploid), G 0 -G 1 -phase (diploid), S-phase (more than diploid), and M-phase (tetraploid) cells were quantified using the WinDMI 2.8 software (Scripps Research Institute). 
Orthotopic Tumor Injection
Male athymic nu/nu BALB/c mice (Charles River WIGA) were used. Animal procedures were approved by the regional authorities. For analysis of orthotopic tumor growth, FG, FG-EFEMP1, and L3.6pl cells, respectively, were injected into the pancreas of the animals, as described previously (20) . Briefly, a left abdominal flank incision was made, the spleen was exteriorized, and 8 Â 10 5 cells were injected into the subcapsular region of the pancreas. Orthotopic tumor growth was monitored using a caliper every 2 d. On day 37 after the cell injection, animals were sacrificed and examined for orthotopic tumors, lymph node, and hepatic metastases. The tumor volume was calculated using the formula V = p/6 (a Â b Â c), with a, b, and c representing length, width, and height of the mass.
Immunohistochemical Staining for EFEMP1, TUNEL, and CD31
Fluorescent immunohistochemical staining for EFEMP1 was done on paraffin-embedded tissues or tumor cells cultivated in six-well plates using a rabbit polyclonal anti-EFEMP1 antibody (Biozol) for the primary reaction. As a secondary antibody, a FITC-conjugated polyclonal anti-rabbit antibody (Dako) was used. Nuclei were counterstained with 4 ¶,6-diamidino-2-phenylindole (DAPI; Roche Diagnostics).
Fluorescent staining for apoptotic cell death (TUNEL) was done on paraffin-embedded tissue sections using the In Situ Cell Death Detection kit (Roche Diagnostics) according to the manufacturer's protocol, with a DAPI nuclear counterstaining.
Colorimetric detection of CD31 was done using a rabbit polyclonal anti-CD31 antibody (Abcam) and a biotinylated secondary goat anti-rabbit antibody (Vector Laboratories) followed by a staining reaction (NovaRED substrate kit, Vector Laboratories). Sections were counterstained with Mayer's hematoxylin.
Human Tumor Samples
The collection of human tumor tissue was approved by the local ethics committee. Operative specimens of tumor and corresponding normal tissues were obtained from 15 patients with histologically confirmed pancreatic ductal adenocarcinoma. The tissues were snap frozen and stored in liquid nitrogen. RNA extraction and quantitative RT-PCR for EFEMP1 were done as described above. Quantitative results were normalized for glyceraldehyde-3-phosphate dehydrogenase.
Statistical Analysis
Data are given as the mean F SE in quantitative experiments. For statistical analysis of differences between the groups, an unpaired Student's t test was done.
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